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We study the omplementarity between dark matter experiments (diret detetion and indiret detetions) and
aelerator failities (the CERN LHC and a
√
s = 1 TeV e+e− Linear Collider) in the framework of the onstrained
Minimal Supersymmetri Standard Model (MSSM). We show how nonuniversality in the salar and gaugino setors
an aet the experimental prospets to disover the supersymmetri partiles. The future experiments will over a
large part of the parameter spae of the MSSM favored by WMAP onstraint on the reli density, but there still exist
some regions beyond reah for some extreme (ne tuned) values of the supersymmetri parameters. Whereas the Fous
Point region haraterized by heavy salars will be easily probed by experiments searhing for dark matter, the regions
with heavy gauginos and light sfermions will be aessible more easily by ollider experiments. More informations on
both supersymmetry and astrophysis parameters an be thus obtained by orrelating the dierent signals.
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Several astrophysial and osmologial independent measurements point towards the fat that the matter in our
universe is dominated by a not yet identied dark omponent (see e.g. Refs. [1,2,3,4℄ for reviews). The solution of this
problem is very ruial for the understanding of our universe, as it onerns dierent sales of astrophysis suh as
galaxy through rotation urves, lusters through X-ray emission and the osmologial sale through CMB anisotropy
measurements. The latter point provides the most stringent onstraint and gives the total fration of dark matter in
the universe with the best auray. Indeed, the reent WMAP [5℄ results lead to a at onordane model universe
with a reli density of old dark matter of
ΩCDMh
2 = 0.1126 +0.0161−0.0181 at 95% CL. (1.1)
The auray of the measurement is expeted to inrease with future data from the PLANCK satellite [6℄ and a
preision ∆ΩCDMh
2 ∼ 2% should be obtained.
An interesting possibility for suh a old dark matter andidate is a bath of long lived or stable WeaklyInterating
Massive Partiles (WIMPs) whih are left over from the Big Bang in suient number to aount for a signiant
fration of the reli density. Sine additional onstraints, espeially from light element osmonuleosynthesis, strongly
disfavor the possibility that dark matter is omposed solely of baryons [7℄, some form of nonstandard matter is
required.
The Standard Model (SM) of highenergy physis, despite of its suess in explaining the data available today,
requires an extension to explain the stability of the hierarhy between the weak and the Plank sales, the uniation
of gauge ouplings and the origin of eletroweak symmetry breaking. The most plebisited extension of the model is
the Minimal Supersymmetri Standard Model (MSSM) [8,9,10,11℄. It predits the existene of several new partiles,
the superpartners of SM ones. The lightest supersymmetri partile (LSP) is in most of the MSSM parameter spae, a
stable, massive, neutral and weakly interating partile : the lightest neutralino, whih is thus an interesting and well
motivated dark matter andidate. On the other hand, at future olliders suh as the Large Hadron Collider (LHC)
and the planned International Linear e+e− Collider (ILC), supersymmetri partiles are expeted to be produed
and observed if low energy Supersymmetry (SUSY) is present in nature. However, even if part of the supersymmetri
spetrum is unveiled at the LHC for example, the properties of the partiles whih play a dominant role in the reli
density will not be measured diretly or preisely. Both types of data (from astropartile and aelerator physis) are
thus needed to extrat more omplete properties of the underlying supersymmetri model [12℄.
In onstrained MSSM, suh as the minimal supergravity model (mSUGRA), the minimization of the one-loop
salar potential leads to the wellknown relation between the squares of the superpotential Higgs mass term and the
softSUSY breaking salar Higgs masses mHu ,mHd as well as the ratio of the vauum expetation values of the two
Higgs elds tanβ = vd/vu and the Z boson mass MZ ,
µ2 =
(
m2Hd + δm
2
Hd
)− (m2Hu + δm2Hu) tan2 β
tan2 β − 1 −
1
2
M2Z (1.2)
imposed at the SUSY breaking sale dened by the quadrati average of the two top squark masses, MSUSY =√
mt˜1mt˜2 . This ondition determines the absolute value of the term µ, leaving its sign as a free parameter of the
theory.
The four neutralinos (χ01 ≡ χ, χ02, χ03, χ04,) are superpositions of the neutral fermioni partners of the eletroweak
gauge bosons B˜0 and W˜ 03 (respetively the Bino and Wino elds) and the superpartners of the neutral Higgs bosons
H˜0u, H˜
0
d (respetively up and down Higgsinos elds). In the (B˜, W˜
3, H˜0d , H˜
0
u) basis, the neutralino mass matrix is given
by
MN =


M1 0 −mZ cosβ sin θW mZ sinβ sin θW
0 M2 mZ cosβ cos θW −mZ sinβ cos θW−mZ cosβ sin θW mZ cosβ cos θW 0 −µ
mZ sinβ sin θW −mZ sinβ cos θW −µ 0

 . (1.3)
where M1, M2 are the bino and wino mass parameters, respetively. This matrix an be diagonalized by a single
orthogonal matrix z and we an express the LSP χ (often referred in the following as the neutralino) as
χ = z11B˜ + z12W˜ + z13H˜d + z14H˜u. (1.4)
This ombination determines the nature, the ouplings and the phenomenology of the neutralino. The neutralino is
usually alled gauginolike if P ≡ |z11|2 + |z12|2 > 0.9, Higgsinolike if P < 0.1, and mixed otherwise.
Depending on the nature of the neutralino, the WMAP onstraint an be fullled essentially by bino-χτ˜ oan-
nihilation proesses if mχ ∼ mτ˜1 , χχ A−→ bb¯ annihilation for large tanβ values or a light pseudosalar A boson, and
4χχ → tt¯ for a suiently Higgsinolike neutralino. In the same time, a non negligible wino omponent an enhane
the annihilation proess χχ→W+W− and the χχ± and χ+χ− oannihilation ones.
In the present work, we will onsider neutralino dark matter searhes in diret or indiret detetion experiments
and the prospets of superpartile prodution at future olliders like LHC or ILC. We will fous on the framework of
general supergravity senarios but with nonuniversal salar and gaugino softSUSY breaking mass terms.
The outline of the paper is as follows. We rst summarize, in setion 2, the phenomenology of the dierent kinds of
dark matter searhes. Setion 3 is dediated to the prospets for produing and deteting SUSY partiles and MSSM
Higgs bosons at the LHC and at a high energy e+e− ollider. In setion 4, we present a omplementary analysis of
eah type of signal and the impat of nonuniversality on the detetion potential of all types of experiments. For our
omputation, we use an interfae of the latest released version of the odes SUSPECT [13℄ for the MSSM partile
spetrum, MICROMEGAS [14℄ for the neutralino reli density, and DARKSUSY [15℄ for the dark matter detetion
rates. During the writting of this paper, the authors of [16℄ and [17℄ have made similar analyses and reahed the
same onlusions as those presented here. Related work in a variety of frameworks and dealing with osmologial reli
density aspets, present aelerators onstraints and/or dark matter searhes and/or SUSY searhes at future olliders
an be found in Refs [18℄ - [60℄.
2 Dark matter searhes
2.1 Dark matter distribution
The dark matter distribution in the galaxy is a ruial ingredient for all kinds of detetion tehniques. From N-body
simulations, this distribution is ommonly parameterized as :
ρ(r) =
ρ0[1 + (R0/a)
α](β−γ)/α
(r/R0)γ [1 + (r/a)α](β−γ)/α
(2.5)
where r is the galato-entri oordinate, ρ0 is the loal (sun neighborhood) halo density, R0 the solar distane to
the galati enter and a a harateristi length. If there is an agreement onerning the behavior at large radii
(β ∼ 3), the shape of the possible usp in the innermost region of the galaxy is not well determined if we onsider
the disrepanies between simulation results of various groups (1 . γ . 1.5). Furthermore, the studies of systems like
low surfae brightness galaxies seem to favor at ores. Moreover, the small radius region behavior an dier strongly
depending on the physial assumptions suh as baryoni eets on the entral dark matter density, supermassive blak
hole indued spikes, dark matter partile sattering on stars, et... (for disussions, see e.g. Refs. [61,62,63,64,65,66℄).
Finally possible inhomogeneities and substrutures ould be present, leading to a possible lumpyness of the halo.
In ontrast, there is a general agreement on the loal density ρ0 whih an be determined for eah density prole
assuming ompatibility with the measurements of rotational urves and the total mass of the galaxy; ρ0 should
range from 0.2 to 0.8 GeV.cm−3 (see Ref. [2℄ for a disussion). For deniteness, our results are presented for ρ0 =
0.3 GeV.cm−3 for all the density proles used in the present analysis. A more ontroversial topi is the possible
link between the dark matter distribution and the total reli abundane. One an resale the density ρ(r) when the
alulated value of Ωχh
2
is smaller than the WMAP lower bound, by assuming that the neutralino ould form only a
fration of the total amount of old dark matter. In this study, however, we will not use this proedure as we will mainly
fous on the dependene of the detetion rates on the SUSY parameter spae for a given astrophysial framework.
Sine the loal density enters as a saling fator in the signal uxes, the eet of varying ρ0 or applying this resaling
an be taken into aount in a straightforward manner.
2.2 Diret detetion
Many underground experiments have been arried out around the world in order to detet WIMP andidates by
observing their elasti sattering on target nulei through nulear reoil [67℄. As pointed out before, the astrophysial
dependene on this type of detetion tehnique is weak. Namely, the translation of the detetion rates/sensitivities
into sattering ross setion σχ−p relies only on the knowledge of the loal dark matter density ρ0. Depending on the
spin of the target nulei, the detetion rate is given by the spin dependent (σspinχ−p ) or the spin independent (σ
scal
χ−p)
neutralinonuleon elasti ross setion. The main ontributing diagrams are shown in Fig. 1.
The squark (mainly the rst generation u˜, d˜ squarks) exhange ontributions are usually suppressed by the squark
masses. The spinindependent ross setion σscalχ−p is then driven by neutral CPeven Higgs boson (h, H) exhanges
(χq
h,H−−→ χq ∝ z11(2)z13(4)) and the spindependent ross setion σspinχ−p by Z boson exhange (χq
Z,−→ χq ∝ z213(4)).
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Fig. 1. Feynman diagrams of the proesses ouring in diret detetion of the lightest neutralinos: a) and b) spin independent
proesses (σscalχ−p); b) and ) spin dependent proesses (σ
spin
χ−p ).
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Fig. 2. Feynman diagrams for the dominant hannels ontributing to neutralino annihilation into SM partiles.
Diret detetion is thus more favored for a mixed gaugino-Higgsino neutralino and models where the salar Higgs
boson H is suiently light.
In the usual mSUGRA senario, where the soft terms of the MSSM are assumed to be universal at the uniation
sale, the spinindependent ross setion turns out to be onstrained by σscalχ−p . 3× 10−8 pb [4℄. However, it has been
shown that if the assumption of universality in the salar and/or gaugino setors is relaxed, the ross setion an be
inreased signiantly with respet to the universal senario and ould values of the order of reah σscalχ−p ∼ 10−6 pb
[28,29,30,31℄. QCD orretions to the neutralino-nuleon sattering ross setions an also be relevant [68℄.
Current experiments suh as EDELWEISS [69℄ and CDMS [70℄ are sensitive to WIMPproton ross setions larger
than approximately 10−6 pb, exluding the DAMA region [71℄. These sensitivities are slightly too small to probe
minimal SUSY models if we impose the aelerator onstraints and the bound on the reli density from WMAP.
Several new or upgraded diret WIMP detetion experiments will soon reah a signiantly improved sensitivity
(GENIUS, EDELWEISS II [72℄, ZEPLIN(s) [73℄, CDMS II and superCDMS [74℄). The next generation of experiments
(e.g EDELWEISS II and CDMS II) will lead to a minimum of the valley sensitivity around 10−8 pb for a neutralino
mass of mχ = O(100 GeV). Though hallenging from the experimental point of view, a ton-size detetor (ZEPLIN,
SuperCDMS) should be able to reah σscalχ−p & 10
−10
pb whih would be onlusive to probe WIMP dark matter
models. In our study, we will take the neutralino mass dependent projeted experiment sensitivities of EDELWEISSII
[72℄ and ZEPLIN [73℄.
2.3 Gamma Indiret detetion
Dark matter an also be observed through its annihilation produts in the galati halo. In partiular, the annihilation
in the Galati Center (GC) where the dark matter density is important ould lead to large uxes and promising
experimental signals, even if the exat behavior in the entral region is poorly onstrained. Unfortunately, the as-
trophysial unertainties dominate largely the ones oming from partile physis models, aeting onsiderably the
prospets of disovery in gamma indiret detetion experiments.
The main annihilation proesses entering in the alulation of gammaray uxes from the GC are depited in
Fig. 2. The large masses of the salar fermions and their small Yukawa ouplings usually suppress the ontribution of
the diagrams with thannel sfermions exhange. The dominant ross setions are thus σ(χχ
A−→ bb¯) ∝ [z11(2)z13(4)]2,
σ(χχ
Z−→ tt¯) ∝ [z213(4)]2 and σ(χχ
χ+(χ0j )−−−−→ W+W−(ZZ)) ∝ [z13(4)V12]2 and/or [z12V11]2 ([z13(4)zj3(4)]2), with Vij the
hargino mixing matrie. Annihilation in these hannels are favored for winolike or Higgsinolike neutralino. The
resulting observed dierential gammaray ux at the Earth oming from a diretion forming an angle ψ with respet
6to the GC is
dΦγ(Eγ , ψ)
dΩdE
=
∑
i
1
2
dN iγ
dEγ
〈σiv〉 1
4pim2χ
∫
line of sight
ρ2 (r(l, ψ)) dl (2.6)
where the disrete sum is over all dark matter annihilation hannels, dN iγ/dEγ is the dierential gammaray yield and
〈σiv〉 is the annihilation ross setion averaged over the veloity distribution. It is ustomary to isolate the dependene
on the halo dark matter model with respet to partile physis, dening the dimensionless quantity (see Ref. [75,76℄)
J¯ (∆Ω) =
1
8.5 kpc
(
1
0.3GeV/m3
)2 ∫
∆Ω
∫
line of sight
ρ2 (r(l, ψ)) dldΩ . (2.7)
in a solid angle ∆Ω entered on ψ = 0.
As pointed out before, a ruial ingredient for the alulation of the annihilation uxes is the density prole of
dark matter around the ore of the GC. In the present work, we hoose the intermediate NFW halo prole [77℄ (γ = 1,
J¯NFW (∆Ω = 10
−3) ∼ 103). One an resale uxes to have results for other ommonly used proles either with a
stronger usp like the one proposed by Moore et al. [78℄ (γ = 1.5, J¯Moore(∆Ω = 10
−3) ∼ 105) or shallower slope like
the one proposed by Kravtsov et al. [79℄ (γ = 0.4, J¯Kravtsov(∆Ω = 10
−3) ∼ 10)1. The sensitivity of suh variations in
the dark matter prole on the experimental prospets will be illustrated later; see Figs. 10) and d). In the literature,
some authors [76℄ also onsider as input parameter of the theory a boost fator ating on J¯ , to take into aount
possible halo inhomogeneities (lumps for instane).
Reently several experiments have deteted a signiant ammount of gammarays from the galati enter re-
gion. Observations by INTEGRAL [80℄ and EGRET [81℄ have revealed γray emission from this region although no
orresponding soures have been identied so far. The VERITAS [82℄ and CANGAROO [83℄ ollaborations using,
respetively, the Whipple 10 meters and CANGAROOII atmospheri Cerenkov Telesopes (ACTs) have indepen-
dently deteted TeV γrays from the same region. Finally, HESS [84℄ laims to have observed a signal orresponding
to a WIMP in the multiTeV energy range. Here, we refrain from interpreting all these signals as due to dark matter
annihilation. Although an explanation in terms of a heavy dark matter partile like the LSP neutralino [53,54,84℄ is
possible for eah signal (exept for INTEGRAL, see for instane Ref. [85℄ for a light dark matter senario proposal),
these measurements are not ompatible with eah other and annot be explained by a single senario. Moreover, purely
astrophysial interpretations of these signals are possible [86,87℄.
In any ase, onsidering the unertainties in the omputations and that alternative astrophysial interpretations
are possible [86,87℄, it is reasonable not to attribute these signals to a neutralino and proeed with our prospetive
analysis in the SUSY parameter spae. Nevertheless, the EGRET signal (∼ 4 × 10−8 γ cm−2s−1) an be seen as an
upper bound even if one has to keep in mind that it may not arise exatly from the galati enter [88℄. We will also
onsider the sensitivities of the HESS [89℄ and GLAST [90℄ experiments (respetively 10−12 γ cm−2s−1 with a 100
GeV threshold and 10−10 γ cm−2s−1 with a 1 GeV threshold) as a probing test of our models. The neutralino mass
dependent integrated sensitivities that we use in our analysis an be found in Ref. [91℄.
2.4 Neutrino Indiret detetion
Dark matter partiles of the halo an also be trapped in astrophysial bodies (like the Sun) by suessive elasti diusion
on its nulei (hydrogen) during the age of the target objet (∼ 1010 years). This leads to a aptured population whih
annihilates, produing neutrino uxes that an be deteted by a neutrino telesope, signing the presene of dark matter
in the storage objet diretion. The annihilation rate at a given time t an be written [92℄:
ΓA =
1
2
CAN
2
χ =
C
2
tanh2
√
CCAt, (2.8)
Where C is the apture rate whih depends on the loal density ρ0 and on the neutralino-proton elasti ross setion.
ΓA ≈ C2 = cste when the neutralino population has reahed equilibrium, and ΓA ≈ 12C2CAt2 in the initial olletion
period. When aretion is eient, the annihilation rate follows the apture rate C and thus the neutralino-quark
elasti ross setion, whereas only the dierential spetrum depends on the annihilation proesses. The ux is then
given by
(
dΦν
dEν
) =
ΓA
4piR2
∑
F
BF
dNFν
dEν
(Eν) (2.9)
1
For γ ≥ 1.5, J¯ diverges and one has to regularize the integral of eq. 2.7.
7where F labels the annihilation nal states and R is the Sun-Earth distane. As related to the loal dark matter density,
the astrophysial dependene is weak, similarly to the diret detetion ase. One should notie that the olletion of
neutralinos is time dependent suh that the trapped population an have been enhaned if the Sun has been ying in
some lumps during its history.
The partile physis behavior is dominated by the apture rate driven by σχ−p. The dominant proesses are shown
on Fig. 1 (spin dependent for the Sun beause of the non zero hydrogen nuleus spin). The ouplings have already
been desribed in the setion related to diret detetion. The diagrams driving annihilation (see Fig. 2) and their
ouplings have been disussed in the setion devoted to gamma indiret detetion. For our prospet we will onsider
the uxes oming from the Sun whih is favored for neutralinos with a non negligible Higgsino omponent. Indeed the
Z exhange is then allowed in the neutralino-quark diusion and the resulting ux an be high. The annihilation an
also enhane the ux, espeially by giving harder neutrino spetra when the Higgsino and/or the wino fration are
not negligible leading to tt¯,W+W− nal states instead of bb¯ for a dominant bino neutralino [29,93℄.
The Earth ould be another possible soure but the resulting uxes are beyond reah of detetion [93℄. The
neutralino annihilations in the galati enter an also lead to neutrino uxes (i = ν in equation 2.6) but the gamma
ux expetations are muh more promising with regard to experiment sensitivities [94℄.
Present experiments like MACRO [95℄, BAKSAN [96℄, SUPER K [97℄ and AMANDA [98℄ (whih size and plae
disfavors detetion of horizontal ux oming from the Sun) give limits on possible uxes around 104 µ km−2yr−1.
Future neutrino telesopes like ANTARES [99℄ or a km3 size like ICECUBE [100℄ will be able to probe respetively
around 103 and 102 µ km−2 yr−1. We used neutralino mass dependent sensitivities of referene [101℄ for ANTARES
and [102℄ for ICECUBE.
2.5 Positron Indiret detetion
Neutralino annihilations in the halo an also give rise to measurable positron uxes. Positrons being harged partiles
interat during their propagation suh that the diretional information is lost. Furthermore those interations imply
that the observed positrons do not ome from far away in the galaxy. In addition to the variability of the density
prole whih is a possible soure of unertainties at the prodution level, the understanding of the propagation taking
into aount interations with magneti elds, inverse Compton and synhrotron proesses is the most relevant and
diult question to ontrol in order to be able to understand measurement or/and to estimate positron spetra. The
positron ux results from the steady state solutions of the diusion-loss equation for the spae density of osmi rays
per unit energy, dn/dε:
0(=
∂
∂t
dn
dε
) =∇ ·
[
K(ε,x)∇
dn
dε
]
+
∂
∂ε
[
b(ε,x)
dn
dε
]
+Q(ε,x), (2.10)
where K is the diusion onstant (assumed to be onstant in spae throughout a diusion zone, but it may vary
with energy), b is the energy loss rate and Q is the soure term (see [45℄ for details). We take [103℄
K(ε) = 3.3× 1028 [30.47 + ε0.47] cm2 s−1. (2.11)
and [104℄
b(ε)e+ = 10
−16ε2 s−1, (2.12)
whih results from inverse Compton sattering on both the osmi mirowave bakground and diuse starlight. The
diusion zone is a slab of thikness 2L (L= 4 kp to t observations of the osmi ray ux, see [42℄ and referenes therein.
Variations of the propagation parameters may modied the omputation results by around an order of magnitude (see
[46℄). The soure term Q = f(ρ(r), 〈σv〉) an be modied if one onsiders the presene of lumps in the (quite loal)
dark matter distribution and a possible resulting multiplying boost fator b . 10 [47℄. The partile physis dependene
also enters in the soure term and omes from the supersymmetri parameter inuene on annihilation ross setion
(see Fig. 2 and setion 2.3).
The HEAT experiment, in three ights whih have taken plae in 1994, 1995 and 2000, observed a ux of osmi
positrons in exess of the predited rate, peaking around 10 GeV [105℄. This signal an be aommodated by neutralino
annihilation but requires a boost fator [48,46℄. Furthermore the HEAT measurement unertainties in the 30 GeV bin
are quite large. We thus onsider in this work the estimated uxes with regard to the future experiments AMS-02 and
PAMELA. The exat positron spetrum depends on annihilation nal states, dark matter distribution and propagation
parameters (see [46℄) but as a reasonable approximation for our prospet, one an onsider the spetra being peaked
around Mχ/2. At those energy, we heked that the bakground of referene [106℄ an be tted by E
2dΦe+/dΩdE ≃
1.16 × E−1.23. Following referenes [23℄ and [60℄ we require as a benhmark ondition : φ
e+
χ
φe
+
Bckgd
|mχ/2 ∼ 0.01 (See [16℄
for more preise riteria)
82.6 Antiproton Indiret detetion
Another possible signal of dark matter may be the detetion of antiproton uxes produed by neutralino annihilation.
To alulate those uxes we need to solve a propagation equation for antiprotons [49,103,106,107,108,109℄. This
inludes spatial diusion in the disk and the halo, Kx saling with the rigidity (momentum per unit of harge,
R = p/Z) as K0R
δ
. The galati wind, with a speed Vc, imply onvetion eets deeting antiproton away from the
disk. Collisions with interstellar matter (hydrogen and helium) and Coulomb losses modify the energy distribution.
Reaeleration by Fermi shoks on magneti elds ould be taken into aount by a diusion oeient Kp related to
the spatial diusion Kx and the Alven veloity of disturbanes in the plasma, VA. We used the diusion model [49℄ of
the DarkSusy pakage with the diusiononvetion [106℄ option,
∇ ·
[
Kx∇
dn
dε
]
−∇ ·
[
Vc
dn
dε
]
− nHvp¯(ε)σinH (ε)
dn
dε
+Q(ε,x) = 0, (2.13)
with δ = 0.6, Vc = 10 km.s
−1, K0 = 25 × 1027 cm2 s−1. nH is the interstellar Hydrogen density number, vp¯ is
the antiproton veloity and σinH is the inelasti antiprotonhydrogen ross setion. Antiprotons propagate on longer
distane than positrons. The resulting ux is thus slightly more sensitive to the dark matter distribution in the galaxy,
and espeially in its entral region. The antiproton ux an be expressed as
φp¯(R0, T ) = b 〈σv〉
∑
i
dN i
dT
Bi
(
ρ0
mχ
)2
Cprop(T ) (2.14)
where T is the p¯ kineti energy, Cprop(T ) ontains propagation eet, and b is a possible boost fator resulting from
halo lumpyness. Experiments like BESS and CAPRICE measured the antiproton ux. The signal an be tted by the
astrophysial bakground antiproton ux and seems to be peaked at 1.76 GeV around 2× 10−6 p¯ cm−2s−1sr−1. The
measurement at 37.5 GeV seems to suggest an exess ompared to the models. We estimated the antiproton uxes from
neutralino annihilation at those two energy for whih the diusion dependene is weaker than for the low energy part
of the spetrum. Following [16℄, we will show as a benhmark region where φp¯(R0, 1.76) > 2 × 10−7 p¯ cm−2s−1sr−1
heking also the value at 37.5 GeV.
3 Collider searhes
3.1 Constraints
3.1.1 The mass spetrum onstraints.
We have implemented in our analysis the lower bounds on the masses of SUSY partiles and of the lightest Higgs boson.
In the squark and slepton setor parameters leading to tahyons are exluded. We applied the LEP2 lower bound limit
on the mass of the lightest hargino mχ+
1
> 103.5 GeV [110℄. Typially, the most onstraining bound omes from the
lightest Higgs boson mass limit. In the deoupling regime (mA ≫MZ , valid in all our parameter spae), mh > 114.4
GeV [111℄. It is well known than the theoretial predition of the Higgs mass is very sensitive to the value of the top
mass. The radiative orretions used for the alulation of the higgs mass are very well desribed in [113℄. To take into
aount this sensitivity in the analysis, we have used mt = 175 GeV but we illustrate the dependane of our result on
the top mass (178 to 182 GeV) in Fig. 10b [112℄.
3.1.2 The b→ sγ branhing ratio.
One observable where SUSY partile ontributions might be large is the radiative avor hanging deay b→ sγ [114℄.
In the Standard Model this deay is mediated by loops ontaining the harge 2/3 quarks and W−bosons. In SUSY
theories additional ontributions ome from loops involving harginos and stops, or top quarks and harged Higgs
bosons. The measurements of the inlusive deay B → Xsγ at CLEO [115℄ and BELLE [116℄, lead to restritive
bounds on the branhing ratio b → sγ. The experimental value for the branhing ratio of the proess b → sγ is
(3.52 ± 0.30)× 10−4 [117℄. Inluding theoretial errors [118℄ (0.30 × 10−4) oming from its predition by adding the
two unertainties in quadrature, we impose 2.33× 10−4 ≤ BR(b→ sγ) ≤ 4.15× 10−4, at the 3σ level. Typially, the
b→ sγ is more important for µ < 0, but it is also relevant for µ > 0, partiularly when tanβ is large.
93.1.3 The anomalous moment of the muon.
We have also taken into aount the SUSY ontributions to the anomalous magneti moment of the muon, δaµ =
asusy − aSM [120℄. We used in our analysis the reent experimental results [121℄, as well as the most reent theoretial
evaluations of the Standard Model ontributions [122℄. An exess of about 2.7 sigmas between experiment and theory is
found when e+e− data are used to estimate aSM , leaving room for a SUSY ontribution of asusy = (25.2±9.2)×10−10,
or, at the two sigma level, 6.8 < a10susy < 43.6. Suh a ontribution favors µ > 0 and rather light sleptons and gauginos.
However, this slight disrepany is smaller if tau data are used instead to evaluate aSM . We therefore do not restrit
the parameter spae with the δaµ onstraint, but show the relevant ontour aSUSY = 6.8× 10−10 instead.
3.1.4 The Bs → µ+µ− branhing ratio.
Finally, we have onsidered the limit [123℄ on the Bs → µ+µ− branhing ratio [124℄. The upper bound on this proess
B(Bs → µ+µ−) < 2.9 × 10−7 does not onstrain the parameter spae of mSUGRA. However it has been stressed
reently that for non-universal soft terms the onstraint an be very important [125,126℄, espeially for large tanβ
and low values of the Higgs masses. There is also a strong orrelation between the Bs → µ+µ− branhing ratio and
ross setions for diret [126℄ and indiret [53℄ detetion of dark matter.
3.2 LHC
The LHC is a pp ollider with enter of mass energy of
√
s = 14 TeV whih is expeted to start in 2007. Hadroni
olliders produe mainly olored partiles like squark pairs q˜q˜, squark anti-squark q˜q˜∗, gluino pairs g˜g˜ or assoiated
squarkgluino prodution q˜g˜ :
qq, gg −→ q˜q˜∗
qq −→ q˜q˜
qq, gg −→ g˜g˜
qg −→ q˜g˜
The q˜q˜ nal state requires initial state of the form qq or gg whereas squark pair are only produed from qq state.
Gluino pairs ome from qq and gg states and the squarkgluino are only produed via quarkgluon ollisions. Cross
setions for squark and gluino produtions are very high at LHC, e.g. for mq˜ = mg˜ = 500 GeV, σ(q˜ − g˜) ∼ 62 pb.
For an integrated luminosity of 100 fb−1, orresponding to one year of LHC running at high luminosity, 6.2 millions
squark-gluino pairs are thus expeted to be produed, leading to a "fast" (assuming detetors are well understood)
disovery and to hints on the underlying SUSY model. O ourse, for heavier spetrum, ross setions will be lower,
but in any ase, the prodution of squarks and gluino at the LHC, if kinematially allowed, should be important.
The deays of squarks and gluinos lead to multi-jets + isolated leptons + missing ET signals. We onsider the
exlusion limits of referene[127℄ whih establish that squarks and gluinos ould be deteted up to mq˜−q˜ ∼ 2 − 2.5
TeV for the rst two generations of squarks, whih nearly orresponds to the parton-parton kinematis limit is roughly
14/3 TeV. The detetion of the third generation of squarks (sbottom b˜1 and stop t˜1) appears to be more diult in
hadroni ollider due to their speial deay modes [128℄.
3.3 Spartile prodution in e+e− olliders.
We also analyzed the prospets for produing SUSY partiles and heavy Higgs bosons at highenergy and high
luminosity e+e− olliders [129℄. In this exploratory study we will assess the aessibility of ertain prodution modes
simply through the orresponding total ross setion, without performing any bakground studies. However, in most
ases the lean experimental environment oered by e+e− olliders should allow disovery of a ertain mode, given a
sample of a few dozen events. Diulties might arise in some narrow regions of parameter spae, whih we will point
out in the following disussion. We have taken the example of a future International Linear Collider (ILC) with enter
of mass energy of 1 TeV and an integrated luminosity of 500 fb−1. We will onsider a given hannel to be visible if its
total ross setion exeeds σmin = 0.1 fb, whih orrespond to a sample of 50 signal events per year.
In our study, we will onsider the following prodution proesses, shown on Fig. 3.
e+e− −→ l˜l˜∗ (mainly τ˜ τ˜ and ν˜ν˜)
e+e− −→ χ+χ−
e+e− −→ χχ02
e+e− −→ HA,
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Conerning the sleptons, pairs of e˜±R,L are produed via shannel photon and Z boson exhange and the t hannel
exhange of the four neutralinos χ0i . Sine the eletronYukawa oupling is suppressed, only the gaugino fration of
the neutralinos exhanged ontributes to the proess. Thus the inuene of the soft breaking gaugino masses M1 M2
and µ through MHu will be important in the prodution ross setion. The main nal state will be the lightest state,
e˜R, as in supergravity models, the e˜R − e˜L mass dierene an be important. For the third generation of slepton,
the prodution proeeds only via γ and Z boson exhange. In this ase, we will only onentrate on the prodution
of the lightest state, e+e− → τ˜1τ˜1 whih oers the largest possibilities of disovery. A look at the formulas in the
appendix of [21℄ shows a strong dependene of the ross setion on the seletron veloity β : only sleptons with masses
of several GeV below the kinematial limit an be observed
2
. Note that it is also possible to produe and observe
sleptons through their deay even if ml˜ >
√
s/2 [130℄.
Due to the ouplings and the kinematis, the sleptons will mainly deay into their leptoni partners and the
gauginolike neutralinos or harginos (if allowed). In other words, the regions of low values of µ with Higgsinolike
χ01,2 and χ
+
1 will be a blind region for the detetion of sleptons. Whereas the lighter e˜R will predominantly deay
following e˜±R → e±χ01, the heavier left handed e˜L will deay into winolike hargino χ±1 or neutralino χ02 beause these
proesses our via the SU(2) oupling, muh stronger than the U(1)Y involved in e˜
±
R → e±χ01.
The harginos are produed through shannel photon and Z boson exhange as well as thannel sneutrino
exhange (see Fig. 3). Note that the sneutrino hannel ontributes with an opposite sign (see [21℄) to the shannel
diagrams. The prodution will thus be maximized in regions of heavy sneutrinos and for Higgsinolike harginos (|µ| ≪
M2). For light sneutrino the destrutive interferene an aet onsiderably the ross setion whereas produtions of
Higgsinolike harginos are mainly insensitive to mν˜ (the ν˜eχ±1 oupling vanish in this ase). In any ase, the ross
setion is usually rather large, making produtions possible for masses up to the kinematial threshold region.
For M2, |µ| < salar/sleptons masses, the hargino is the lighter harged spartile and mainly deay into χ01 W ,
with the W deaying into a ff ′ pair with a known branhing ratio. For small slepton masses, virtual slepton exhange
an enhane other proesses leading to only τ±ντχ
0
1 nal states [131℄. For large values of tanβ, harged Higgs boson
exhange ontribution an also enhane the branhing fration for the τ nal state.
The prodution of the lightest neutralinos χ01,2 ours via shannel Z boson exhange and t or uhannel e˜L, e˜R
exhanges. A gauginolike neutralino does not ouple to the Z boson. However, a high Higgsino fration leads to an
enhanement of the Zχ01χ
0
2 oupling and a suppression of the ee˜L,Rχ
0
1,2 one proportional to the gaugino fration of
the neutralinos. Exept in the extreme Higgsino limit, the ross setion is muh smaller than the hargino one (whose
nature ensures a reasonable prodution rate for gauginolike of Higgsinolike harginos through Z exhange).
The deay modes of the χ02 depends strongly on the SUSY parameter spae, and an be ompletely leptoni (if the
twobody deay χ02 → l±l˜∓ is the main proess) or hadroni (if χ02 → hχ01 is dominant). However, at an e+e− ollider,
hadroni χ02 deays are as easy to sign as the leptoni ones. The only diulty will be in regions of the parameter
spae where the mass dierene mχ0
2
−mχ0
1
is small, where χ02 deays almost exlusively into quasiinvisible modes.
If the pseudosalar mass is suiently heavy (around ∼ 200 GeV depending on tanβ) the model is in the soalled
deoupling regime [132℄, where the masses of the salar H and pseudosalar A (and even H± for largermA) are almost
degenerate. In this limit, both the (treelevel) oupling of the A and the H to massive vetor bosons are suppressed,
as the ZAh one. The only important Higgs prodution proess beomes thus the assoiated HA prodution through
Z boson exhange in the shannel (see Fig. 3) [132℄. In any ase, the ross setion is suppressed by the kinematial
β3 fator near the threshold.
If mA < 2mt or tan
2 β > mt/mb, the heavy salar Higgs boson H and pseudosalar A will mainly deay into bb and
ττ pairs [132℄. If the tt hannel is kinematially open and for lower values of tanβ, the proess A/H → tt dominates
the deay modes. In some region of the parameter spae, deays into SUSY partiles are possible. These modes will be
more diult to analyze in the framework of an e+e− ollider but the signals should be lear enough to be detetable
[133℄.
We draw attention to the fat that we did not inlude ISR in our alulation but hek its weak relative importane
for the fous of the present work with regard e.g to astrophysial unertainties.
4 Prospets for Disovery
Using the theoretial, experimental and osmologial onstraints disussed in the previous setions, we perform a
full san of the (m0, m1/2) plane for a given value of tanβ and A0, xing the Higgsino parameter µ to be positive.
The results are illustrated in Figs. 4 to 9 whih show the regions allowed by the dierent onstraints we imposed in
universal (Fig. 4, 5), gaugino nonuniversal (Fig. 6, 7), and salar nonuniversal (Fig. 8, 9) senarios. We present also
the regions of the parameter spae whih will be aessible in a near future for typial experiments of the dierent kinds
2
We an also see it at the natural ross setion suppression of spin 1 → spin 0 spin 0 proesses
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Fig. 3. Prodution proesses for a Linear Collider.
of detetion disussed above. The inuene of other external free parameters (mt and galati proles) is illustrated
in Fig. 10.
The areas exluded or disfavored by the experimental onstraints are shown in grey. For the anomalous moment of
the muon, the blak dashed lines orresponds to δaµ = 6.8×1010 whih dereases in the diretion of inreasingm0. The
osmologially favored reli density range 0.03 < Ωχh
2 < 0.3 is shown in yellow (very light grey) and the WMAP [5℄
onstraint, Eq.(1.1) is the internal blak region inside the yellow (very light grey) area. Our starting parameter spae
is the Universal mSUGRA/CMSSM plane, where one assumes a unied gaugino and salar mass at the GUT sale
(m1/2 and m0 respetively). We rst hoose A0 = 0, tanβ = 35, µ > 0 and perform a full san of the (m0, m1/2) plane
: 0 < m0 < 6000 GeV, 0 < m1/2 < 2000 GeV . We will then point out the eets of non universal mass terms in
gaugino and Higgs setors (wino mass M2|GUT , gluino M3|GUT , up-type Higgs mass MHu |GUT and down-type Higgs
mass MHd |GUT ) as well as tanβ and mt.
4.1 Universal ase
For intermediate values of tanβ, there are mainly two regions leading to a favored neutralino reli abundane. The
rst one is at low m0 where the lighter stau τ˜1 is almost degenerate with the neutralino, and the τ˜1χ as well as τ˜1τ˜1
oannihilations are eient enough to redue the reli density. The seond one is along the boundary where the
eletroweak symmetry breaking annot be ahieved radiatively ( Hyperboli Branh/Fous Point (HB/FP): high m0
orresponding to a low µ). In this region the neutralino is mixed bino-Higgsino, enhaning χχ annihilation through
Z exhange and χχ+1 , χχ
0
2 oannihilations. Those two regions are generially thin and ne tuned. Diret detetion
experiments are then favored for light Higgs salar H (mainly low m0,m1/2) or around the HB/FP region where
the Higgsino fration is suient to inrease signiantly the sattering ross setion on the nuleus and allow an
observation in an experiment like ZEPLIN (see Fig. 4a). Conerning indiret detetion with neutrino telesopes, a
signiant signal from the Sun requires a large Higgsino fration to enhane the spin dependent interation χq
Z−→ χq .
This an only take plae in the HB/FP branh where a km3 size detetor like ICECUBE will be able to probe models
satisfying the WMAP onstraint (see Fig. 4b).
Gamma indiret detetion of neutralino in the galati enter requires eient annihilation ross setion. The
possible proesses are either χχ
A−→ bb¯ whih is favored in region where the pseudosalar A is light (low m0,m1/2),
or/and when the χχA oupling (∝ z11(2)z13(4)) is enhaned through the Higgsino fration in the HB/FP branh. In
this region, the annihilation proess χχ
Z−→ tt¯ is also favored sine the χχZ oupling is proportional to z213(4). This zone
is within reah of the HESS telesope and will be overed by future satellite like GLAST as we an learly see in Fig 4.
This gure should be ompared to Fig. 10 and 10d to keep in mind the importane of the halo prole assumption we
made. The positron and antiproton uxes have essentially the same partile physis dependene than the gammaray
uxes through the annihilation ross setion fator 〈σv〉. The favored region for positron and antiproton are thus also
loated where the neutralino annihilation is strong and an experiment of the type of PAMELA should be able to detet
any signal from this region for a suiently large boost fator (see Figs. 4e and 4f).
Prospets for produing SUSY partiles and heavier Higgs bosons at future olliders is shown on Fig. 4 d). LHC
will be eient in the parameter spae where the partiles harged under SU(3) are light : light squarks q˜ ( low m0
values . 2−2.5 TeV) and/or light gluinos g˜ (smallM3 i.e m1/2 . 1000). A future 1 TeV Linear Collider an probe the
slepton setor for light l˜ (m0 . 700 GeV, m1/2 . 1000 GeV). The χχ
0
2 (mainly bino and wino respetively) prodution
is also favored for low m0 through seletron exhange but dereases when me˜ (mainly m0) inreases up to m0 ∼ 2000
GeV where the Higgsino fration of the neutralinos allows the Z exhange along the EWSB boundary. The hargino
prodution follows rst the kinematis limit of wino hargino prodution (m1/2 ∼ 600 GeV, 2mχ+
1
≃ 2×0.8×m1/2 ≃ 1
TeV) and then reahes higher m1/2 values thanks to the Higgsino omponent of χ
+
1 along the EWSB boundary at
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high m0. The region whih an give a suiently high rate of HA prodution is restrited to the lower left orner of
the plane and is already experimentally exluded.
Non zero value for the trilinear oupling A0 term mainly aets third generation sfermion masses through its split-
ting. Thus, it has not diret onsequenes for dark matter searhes like diret detetion and neutrino indiret detetion
for whih essentially rst generation of quarksquarks oupling from proton sattering are involved. Annihilation an
be enhaned with a positive nonzero value of the trilinear oupling through τ˜ , b˜, t˜ exhange whih an be of interest
for γ, e+, p¯ indiret detetion.
It an also favored χτ˜ (χb˜,χt˜) oannihilations proesses. Those region are diult for dark matter searhes but an be
reah for favorable astrophysis senario. If the extreme ase, χq˜ oannihilation region leads to signal diult to be
deteted at LHC (essentially missing ET and few jets) but on the other hand the possibility of lighter squarks (b˜ or t˜)
an favor the LHC perspetives, espeially in the low m0 region. Suh trilinear mixing also favors a disovery at a
1 TeV Linear Collider through the prodution of lighter stau at low m0. We should notie here also that A0 = m0
pushes away fous point region.
The value of mt is also essential for the position or the existene of this region whih strongly depends on the top
Yukawa oupling. We show the reli density and ollider situation for mt = 178 and 182 GeV on Fig.10a and 10b
respetively. For mt = 178 GeV, one needs to extend the m0 range up to 9 TeV to get the no EWSB boundary, but
it is not enough for mt = 182 GeV where we an nd this region but for even larger values of m0 (around 20 TeV)
reopening the question of ne tuning. As a onsequene, the range shown on Fig.10b does not ontain any region
with interesting reli density. Considering the ollider apabilities, the gaugino hargino/neutralino onerned regions
are extended as the Higgsino region is pushed away or absent.
High value of tanβ (∼ 50) leads to light Higgses A,H . This an open a Higgs funnel whih dereases the reli
density. It enhanes annihilation and favors γ, e+, p¯ indiret detetion. A lighter salar Higgs H also inreases diret
detetion rate. High tanβ also enhanes the splitting in Isospin= 1/2 sfermion mass matrix favoring LHC disovery
e.g in ase of lighter b˜ squark, whereas lighter stau τ˜ , H,A favor their prodution in a Linear Collider as it is learly
shown in Fig. 5.
4.2 Gaugino setor
4.2.1 The wino mass : M2|GUT
We show in Fig. 6 the eets of nonuniversality of the gaugino breaking mass termM2. Other authors in the literature
has already underlined the phenomenologial and osmologial eets of suh pattern of the breaking mass terms [134℄
Dereasing M2|GUT inreases the wino ontent of the neutralino whih dereases strongly the reli density [30,29,28℄.
A near WMAP value is obtained for an almost equal amount of bino and wino i.e M1 ≃ M2 at the SUSY breaking
sale, requiring M2 ≃ 0.6m1/2 at the GUT sale [29℄. Diret detetion is favored through better ouplings in the
diusion ross setion (no tan θW suppression with regard to bino oupling). Gamma, positron and antiproton indiret
detetions are also made easier beause of the large uxes oming from strong annihilation χχ −→ W+W− when
mχ > mW and the enhanement of the χχA oupling for the shannel A exhange. Conerning neutrino indiret
detetion, the wino omponent has no eet on apture in the Sun but the annihilation an give harder neutrino
spetrum from W+W− deays. The situation at LHC is the same as for the universal ase. The Linear Collider
perspetive is very good beause of lighter neutralino and hargino through their wino omponent. The χχ02, χ
+χ−
an thus be produed for higher values of m1/2. One has to be aware that a smaller M2/m1/2 ratio at GUT sale
an lead to χχ+1 and χχ
0
2 degeneraies whih an aet the detetion proedure. It is important to keep in mind
that the numerial omputation of Ωh2 is very sensitive to the wino fration in χ. Experiment perspetives are thus
weak in regions of parameter spae satisfying WMAP onstraints, with low M2 at GUT sale. We show on Fig, 6 the
results for M2/m1/2 = 0.6 at GUT sale but we mention that for M2/m1/2 = 0.55 the whole (m0,m1/2) plane has
Ωχh
2 < 0.1 but the regions aessible by dark matter experiments orresponds to regions where the reli density is
too low (Ωχh
2 < 0.03). One has to inrease m1/2(mχ) to obtain a reli density satisfying WMAP onstraints with
smaller M2/m1/2 ratio.
4.2.2 The gluino mass : M3|GUT
Fig. 7 shows the eets of nonuniversality of the gaugino breaking mass term M3. The gluino mass parameter
inuenes onsiderably the MSSM spetrum through the Renormalization Group Equations (see for instane [11℄ for
a review on the subjet). Dereasing M3 dereases squark masses, inreases the up-type Higgs mass M
2
Hu at low
energy where it beomes less negative, and dereases the down-type Higgs mass M2Hd whih implies lighter mA,H
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and an inrease of the Higgsino ontent of neutralinos and harginos. That an be easily understood looking at the
approximate tree level relations :
µ2 ≃ −M2Hu − 1/2M2Z and m2A ≃M2Hd −M2Hu −M2Z (4.15)
As a result, reli density onstraints are more easily satised than in the universal ase : both χχ
A−→ bb¯ annihilation
(higher oupling and lighter A whih an open the A funnel) and fous point region with the χχ
Z−→ tt¯ annihilation
proess are enhaned. Diret detetion gets advantage of higher ouplings z11z13 and lighter salar HiggsH . The higher
Higgsino fration favors neutrino indiret detetion through the oupling in χq
Z−→ χq of the apture rate. Gamma,
positron and antiproton indiret detetion are favored by the annihilation enhanement. LHC gets strong potentiality
enhanement beause the squarks (espeially the t˜1) and gluinos are lighter than in the Universal ase. Finally, the HA
prodution at a 1 TeV Linear Collider is kinematially enhaned, H and A being lighter than in mSUGRA. χ+χ− χχ02
prodution are also favored beause a lower value of µ. As in the nonuniversal wino mass ase, smallerM3|GUT /m1/2
values an lead to χχ+1 and χχ
0
2 degeneraies, now through the Higgsino omponent, whih onstrains the detetion
but those regions have too small reli density driven by oannihilation to be really favored. These points are well
illustrated in Fig. 7 for the ratio M3/m1/2 = 0.6 at GUT sale [29℄. Those kinds of models with light gluino mass
are very interesting for SUSY detetion and all neutralino dark matter detetions and an be found in some eetive
string inspired senarios [32,33,34℄.
4.3 Higgs setor
4.3.1 Up-type Higgs mass : MHu |GUT
Fig. 8 shows the prospets of detetion for MHu/m0 = 1.2 at the GUT sale. Inreasing the up-type Higgs mass MHu
at the GUT sale has some ommon eets with the ase desribed above when dereasing gluino mass as an be
expliitly seen from Eq. 4.15. One has to notie that the sensitivity on this parameter is high, leading to a thiner
region with interesting results and wider no EWSB area ompared to the previous non universal gluino mass ase.
As was done in the gaugino setor [29℄ we varied ontinuously the nonuniversality in the Higgs setor at GUT sale
(MHu/m0 and MHd/m0) and found for the up-type mass that the relevant value of the ratio leading to WMAP reli
density is around 1.2 for tanβ = 35. With respet to the universal ase, the mixed bino-Higgsino region is more
important but the pseudosalar Higgs A is still too muh heavy to open the onshell A−pole hannel. All kinds of
dark matter detetions are thus possible in the resulting mixed bino-Higgsino region as well as hargino prodution
in a future Linear Collider where HA pairs an also be produed. LHC gets no enhanement in squark and gluino
prodution but overs a wide part of the not exluded remaining plane.
4.3.2 Down-type Higgs mass : MHd |GUT
Fig. 9 illustrates the ase of nonuniversality MHd/m0 = 0.4 at GUT sale. Indeed, a ratio MHd/m0 < 1 an have
interesting phenomenologial onsequenes onerning the dierent detetion rates. By dereasing the down-type Higgs
mass,MHd at GUT sale, one essentially dereasesmA,H as an be seen in Eq. 4.15. The exluded region at high values
of m0 results from negative mass of the pseudo-salar in addition to problem of not realizing the EWSB. The Apole
an be open more easily giving a orridor with interesting reli density within the WMAP bounds. In this orridor,
neutralino annihilation is important, inreasing the perspetive of disovery through γ, e+ and p¯ indiret detetion.
The low value of mHd gives also good diret detetion rates but we have to keep in mind that we have nearly bino
neutralino in all the remaining region of the (m0,m1/2) plane suh that χχH oupling is suppressed. For the same
reason of small Higgsino fration, neutrino telesopes are strongly disfavored for those kinds of models. The LHC
have an equivalent potentiality of disovery than in mSUGRA, but over a wider area of the parameter spae. Only
the Higgs prodution HA is enhaned at the Linear Collider ompared to the universal ase while gaugino-Higgsino
neutralino and hargino produtions are suppressed.
5 Summary-Conlusion
Dark matter experiments and ollider searhes will be a major step to probe the possibility of low energy supersym-
metry and neutralino dark matter in the Minimal Supersymmetri Standard Model. The possible orrelations between
(absene of) signals of dierent kinds of detetion will bring many informations on models and senarios both for
supersymmetry and astrophysis.
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We summarize hereafter the links between the dierent possibilities to fulll WMAP onstraint, the parameters
involved and the kind of detetion onerned.
The χτ˜ (t˜) oannihilation region is typially diult for dark matter detetion. It an be possible for a huge diret
detetion experiment if mτ˜ and mH are orrelated (low mτ˜ to favor the oanihilation proess and light H to favor
diret detetion sattering) as well as for γ indiret detetion in the ase of favorable galati prole (with a stronger
usp than in the NFW prole). The LHC an be of interest through q˜q˜ if mq˜ is orrelated to ml˜ and the ILC through
τ˜ τ˜ to probe the τ˜ oannihilation region.
The Higgs funnel region χχ
A−→ bb¯(τ τ¯ ) is favored with respet to the universal ase for non universalM3 orMHu or
MHd . Diret detetion is onerned but largemA value need also a oupling enhanement through the Higgsino fration
of the neutralino. The γ (e+, p¯) indiret detetion follow this annihilation proess. However the absolute potentiality
depends on astrophysis hypothesis. The LHC situation depends on mq˜,g˜ with regard to mA and for the ILC, χχ
0
2 and
HA produtions are favored up to energy limitation.
The Hyperboli Branh/Fous Point with mixed bino-Higgsino χ at high m0 values and espeially non universalM3
orMHu parameters is the more interesting region onerning the DM searhes. Diret detetion an bring informations
on the nature of the neutralino by orrelations between spin dependent/independent experiments as well as through
orrelations with neutrino telesope. γ(e+, p¯) Indiret detetions of γ, e+ or p¯ are favored through the enhanement
of annihilation proesses. Moreover, this region of mixed neutralino is the only one aessible by a neutrino telesope
for a signal oming from the Sun (a km3 size telesope will probe up to mχ ∼ 600 GeV). The hargino prodution in
e+e− ollider as well as gluino prodution for LHC are the relevant proesses but beome diult for very high values
of the breaking mass terms, keeping in mind that those regions have δsusyµ = 0.
Finally a mixed bino-wino χ is very sensitive to a nonuniversalM2 parameter. The wino omponent enhanes dark
matter rates (Ωh2 is very sensitive to the wino fration). The LHC an be of interest if the gluino mass is orrelated
to the wino mass and wino-like neutralino/hargino prodution in ILC is possible up to mχ(χ+
1
) ≃ 500 GeV.
However, even if a part of the supersymmetri spetrum is disovered at LHC, it will be diult to measure
preisely the properties of the partiles entering in the reli density omputation. Both types of data (astropartile
and aelerator physis) will thus be needed to extrat more omplete informations about the underlying model.
Whereas the Fous Point (FP) region haraterized by heavy salars will be more easily probed by dark matter
searhes projets due to the nature of the neutralino, the region with heavy gaugino and light sfermions will be more
aessible by ollider experiments. Sine dark matter signals give few informations on the nature of the dark matter
and sine new physis ollider signals ould not be linked diretly to dark matter ones, deeper informations on both
supersymmetry and astrophysis hypothesis an thus be obtained by orrelation of the dierent signals or absene of
signal.
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Fig. 6. MSUGRA non Universal M2|GUT = 0.6m1/2, A0 = 0, tanβ = 35, µ > 0
23
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Fig. 7. MSUGRA non Universal M3|GUT = 0.6m1/2, A0 = 0, tanβ = 35, µ > 0
24
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
2hχΩ−  
 
n
o
t L
SP
χ
Exp. no EWSB
ZEPLIN EDELWEISS II
Excl.
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
 
n
o
t L
SP
χ
2hχΩ−  ICECUBE ANTARES
Exp. no EWSBExcl.
a) Diret Detetion b) ν Indiret Detetion (Sun)
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
 
n
o
t L
SP
χ
2hχΩ−  
Exp. no EWSB
HESS GLAST NFW
Excl.
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
 
n
o
t L
SP
χ
2hχΩ−  q~ q~ gg~ ~ l~~l τ~τ~ HA χ+1 χ
+
1 χ
0
1 χ
0
2
Exp. no EWSBExcl.
) γ Indiret Detetion (GC) d) Collider prodution (LHC,ILC)
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
 
n
o
t L
SP
χ
2hχΩ−  
Exp. no EWSB
positron NFW
 b=10
 b=1
Excl.
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
antiproton
 b=1
 b=10
NFW
 
n
o
t L
SP
χ
2hχΩ−  
Exp. no EWSBExcl.
e) e+ Indiret Detetion (halo) f) p¯ Indiret Detetion (halo)
Fig. 8. MSUGRA non Universal MHu|GUT = 1.2m0
25
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
Exp.
Ω−  
mA<0
2hχ
 
n
o
t L
SP
χ
ZEPLIN EDELWEISS II
Excl.
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
Exp.
Ω−  
mA<0
2hχ
 
n
o
t L
SP
χ
ICECUBE ANTARES
Excl.
a) Diret Detetion b) ν Indiret Detetion (Sun)
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
Exp.
Ω−  
mA<0
2hχ
 
n
o
t L
SP
χ
HESS GLAST NFW
Excl.
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
q~ q~ gg~ ~ l~~l τ~τ~ HA χ+1 χ
+
1 χ
0
1 χ
0
2
Exp.
Ω−  
mA<0
2hχ
 
n
o
t L
SP
χ
Excl.
) γ Indiret Detetion (GC) d) Collider prodution (LHC,ILC)
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
Exp.
Ω−  
mA<0
2hχ
 
n
o
t L
SP
χ
positron
 b=10
 b=1
NFW
Excl.
m0 (GeV)
1000 2000 3000 4000 5000 6000
m
1/
2 
(G
eV
)
200
400
600
800
1000
1200
1400
1600
1800
2000
Exp.
Excl.
Ω−  
mA<0
2hχ
 
n
o
t L
SP
χ
antiproton NFW
 b=10
 b=1
e) e+ Indiret Detetion (halo) f) p¯ Indiret Detetion (halo)
Fig. 9. MSUGRA non Universal MHd|GUT = 0.4m0
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Fig. 10. Eet of mt=178 GeV in a) and mt=182 GeV in b) on LHC and ILC performanes in the universal ase (to be
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